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GENERAL  CHARACTERISTICS 

The  potato  is  subject  to  many  diseases,  but  those  of  the  virus  type 
are  the  most  difficult  to  control.  Improvements  in  farm  practices 
are  much  needed  to  reduce  the  great  losses  caused  by  these  diseases. 

The  purpose  of  this  circular  is  to  describe  the  characteristics  of  the 
virus  diseases  and  to  give  the  control  measures  that  have  been  found 
most  practical  and  effective  in  eliminating  or  reducing  the  losses 
caused  by  them.  This  knowledge  has  been  acquired  through  general 
experience  and  specific  experiments.  The  information  contained 
herein  has  been  secured  mainly  from  detailed  studies  made  in  Oregon, 
Montana,  and  Utah,  but  the  recommendations  on  control  apply 
generally  to  the  whole  Northwest. 

1  This  circular  gives  the  important  results  of  practical  value  that  have  come  from  several  years'  study  of 
the  virus  diseases  of  potatoes  in  the  Northwest,  conducted  both  cooperatively  by  the  Division  of  Horti- 
cultural Crops  and  Diseases,  Bureau  of  Plant  Industry,  and  the  agricultural  experiment  stations  of  Oregon, 
Montana,  and  Utah,  and  independently  by  each  agency  alone.  Each  agency  has  contributed  about 
equally  to  the  results  secured. 
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During  recent  years  the  virus  diseases  of  the  potato  have  been  re- 
ceiving increasing  attention  from  growers  and  investigators  alike. 
So  far  as  known,  these  diseases  are  not  induced  by  parasitic  fungi, 
bacteria,  or  nutritional  or  environmental  disturbances;  their  cause  is 
obscure  and,  up  to  the  present  time,  has  baffled  many  careful  investi- 
gators. The  work  done  shows  that  in  many  cases  these  diseases  are 
caused  by  so-called  filterable  viruses.  It  may  be  assumed  from  the 
evidence,  though  it  has  not  been  proved,  that  most  of  the  diseases 
dealt  with  in  this  circular  are  caused  by  viruses.  A  filterable  virus  is 
an  invisible  agent  in  the  juice  of  the  plant  which  has  the  ability  to  pass 
through  filters  that  take  out  all  ordinary  bacteria  and  fungi.  Since 
their  causal  agent  has  not  been  determined,  these  diseases  have  to  be 
identified  by  symptoms  and  performance.  It  is  necessary  to  give 
careful  attention  to  details  in  distinguishing  them,  as  it  is  often  diffi- 
cult to  identify  accurately  all  the  different  diseases  and  to  separate 
them  definitely  from  one  another  because  of  the  great  variations  in 
symptoms  owing  to  environmental  conditions.  Nevertheless,  their 
performances  are  distinctly  different,  and  in  typical  cases  they  can 
be  readily  identified. 

The  virus  diseases  are  systemic,  that  is,  the  causal  agent  becomes 
distributed  to  all  parts  of  the  plant,  and  the  diseases  are  transmitted 
by  vegetative  propagation.  Consequently,  tubers  from  a  diseased 
plant  are  almost  invariably  affected  by  the  same  disease  unless  infec- 
tion has  occurred  during  the  current  season,  in  which  event  all  or  only 
part  of  the  tubers  from  such  a  hill  may  be  affected.  All  of  the  potato- 
virus  diseases  are  transmitted  from  year  to  year  in  the  tubers.  Gen- 
erally there  are  no  reliable  indications  of  such  diseases  in  the  tubers. 
Their  presence,  with  few  exceptions,  can  be  determined  only  by  an 
examination  of  the  growing  plants.  The  chief  exceptions  are  early 
infections  of  spindle  tuber  and  witches'-broom  which  result  in  the 
production  of  small  or  abnormally  shaped  tubers.  Net  necrosis,  a 
symptom  common  to  two  or  three  diseases,  including  leaf  roll,  witches'- 
broom,  and  psyllid  yellows,  is  sometimes  an  indication  that  the  tubers 
are  not  healthy.  It  appears  as  a  fine  network  of  discolored  strands 
scattered  irregularly  through  the  tissues  but  occurring  more  plenti- 
fully in  the  region  of  the  vascular  ring  about  one  fourth  inch  below 
the  surface. 

In  addition  to  being  carried  in  the  tubers  from  diseased  hills,  the 
diseases  may  be  spread  to  adjacent  healthy  plants  in  the  field.  If 
spread  takes  place  early,  the  affected  plants  may  show  symptoms 
during  the  current  season's  growth.  These  are  then  called  current- 
season  symptoms.  If  infection  occurs  late,  usually  no  symptoms  are 
evident  that  year,  though  all  or  a  part  of  the  tubers  carry  the  disease 
till  the  following  year  and  produce  plants  that  show  the  typical 
symptoms. 

^  Diseased  plants,  particularly  those  from  affected  tubers,  give  lower 
yields  than  normal  ones.  Infection  after  growth  is  well  advanced 
may  result  in  only  slight  or  even  no  decrease  in  yield,  though  it  greatly 
impairs  the  value  of  the  diseased  tubers  for  seed.  The  effect  of  the 
different  diseases  on  yields  is  rather  variable;  some  give  very  poor 
crops,  and  others  reduce  the  yields  less  seriously.  After  a  few  years 
plants  attacked  by  some  of  these  diseases,  namely,  witches'-broom 
and,  at  times,  spindle  tuber,  fail  to  produce  any  marketable  potatoes. 
On  the  whole,  the  crops  are  strikingly  reduced. 
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A,  Leaves  of  the  Charles  Downing  variety:  a.  Healthy  condition;  b,  affected  with  crinkle  mosaic.     B. 
Plants  of  the  Charles  Downing:  a,  Healthy  condition;  b,  crinkle  mosaic. 
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Certain  virus  diseases  have  a  characteristic  that  is  somewhat  singu- 
lar. They  may  individually  reduce  the  growth  of  the  affected  plants 
to  approximately  a  given  level  below  that  of  normal  plants,  which 
then  remains  rather  constant  without  destroying  the  strain  or  stock. 
This  level  of  vigor  is  reached  immediately  on  infection,  and  if  no  other 
disease  or  factor  enters  to  complicate  the  performance,  production 
continues  indefinitely  at  this  level.  For  instance,  mild  mosaic  causes 
growth  and  yields  to  be  approximately  one  third  below  normal.  Mild 
mosaic  has  been  carried  in  potato  cultures  for  more  than  a  decade,  and 
the  performance  now  is  the  same  as  it  was  at  the  beginning  of  the  test. 
Undoubtedly,  such  an  infected  stock  could  be  perpetuated  indefinitely 
if  other  diseases  were  not  contracted,  but  such  stock  should  not  be  used 
for  seed  purposes. 

The  term  "running  out"  has  often  been  used  in  connection  with 
the  performance  of  stocks  of  potatoes  that  are  affected  with  virus 
diseases.  As  a  matter  of  fact,  it  has  never  been  demonstrated  that 
any  stock  will  run  out  without  the  presence  of  some  definite  systemic 
weakening  influence  that  is  devitalizing  the  vigor  of  the  individual 
plants.  Stocks  of  potatoes  as  a  class  do  not  run  out;  only  individual 
plants  do  so.  Specific  infection  by  a  definite  virus  disease  is  the  most 
potent  known  factor  in  causing  running  out  in  potatoes. 

TYPES  OF  VIRUS  DISEASES 
MILD  MOSAIC 

Mild  mosaic  is  characterized  by  a  mottling  in  the  green  of  the  leaf, 
in  which  yellowish  or  light-colored  areas  alternate  with  the  normal 
green,  and  it  is  generally  accompanied  by  a  slight  crinkling,  but  not 
a  rolling  of  the  foliage.  Often  the  margins  of  the  leaflets  are  wavy  or 
ruffled.  (PL  1,  A.)  These  mottled  areas  are  well  distributed  in  the 
leaf  blades,  that  is,  they  are  not  concentrated  in  one  part  of  the  leaf 
more  than  in  another.  They  are  variable  in  size  and  shape,  regardless 
of  which  tissues  they  appear  in,  whether  in  the  veins  of  the  leaf  or 
some  other  tissue.  This  is  in  contrast  to  the  loss  of  color  occasioned 
by  other  factors  than  mosaic,  which  may  give  rise  to  yellowish,  some- 
what circular,  islandlike  areas  in  the  leaf  tissues  between  the  larger 
veins.  This  latter  type  of  discoloration  is  not  to  be  confused  with 
that  caused  by  mild  mosaic,  for  in  this  mosaic  disease  the  lighter 
colored  areas  are  not  bounded  or  stopped  by  leaf  veins.  Diseased 
plants  tend  to  have  a  slightly  erect  appearance  at  first  and  are  stunted, 
depending  on  the  affected  potato  variety.  In  Charles  Downing  (Ear- 
liest-of-All,  Idaho  Rural),  Green  Mountain,  and  Triumph  (Bliss 
Triumph)  the  symptoms  are  much  more  distinct  (pi.  1,  B)  than  in  the 
Burbank  and  Russet  Burbank  (Netted  Gem)  varieties. 

The  symptoms  of  mild  mosaic  are  much  less  conspicuous  in  the 
growth  of  the  plants  that  takes  place  during  the  warmer  weather  of 
summer  than  in  that  taking  place  in  cooler  weather.  This  masking 
of  the  symptoms  makes  it  difficult  to  identify  the  disease,  particu- 
larly in  mass  planting  if  only  a  single  plant  is  available  for  judging. 
If  four  plants  coming  from  different  sets  of  a  single  tuber  are  growing 
side  by  side  in  the  row,  as  when  planted  in  tuber  units,  it  is  much  easier 
to  determine  accurately  whether  the  disease  is  present.  The  virus, 
however,  is  always  present  in  diseased  plants  whether  or  not  a  par- 
ticular plant  shows  the  symptoms.     Later,  if  cooler  weather  prevails, 
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the  symptoms  again  appear  in  the  new  growth.  Hence,  roguing  can 
be  done  more  accurately  after  cool  weather  (60°  to  70°  F.). 

Mild  mosaic  is  one  of  the  most  common  virus  diseases  and  is  widely 
prevalent  in  the  United  States.  It  occurs  in  serious  degrees  in  all  of 
the  Northwestern  States  and  has  bee  a  found  attacking  more  than 
three  fourths  of  the  plants  in  some  fields.  It  attracts  much  less  atten- 
tion than  rugose  mosaic  or  leaf  roll,  because  the  symptoms  are  less 
distinct. 

Diseased  plants  give  lower  yields  than  healthy  ones,  the  decrease 
in  affected  hills  depending  much  on  environmental  conditions  during 
growth.  The  reduction  in  yield  is  about  proportional  to  the  reduc- 
tion in  the  vigor  of  the  plant.  The  tubers  tend  to  be  fewer  in  number 
and  smaller  than  those  in  healthy  hills.  On  an  average,  the  yield 
in  affected  hills  is  reduced  about  one  third  in  comparison  with  that  of 
normal  hills. 

CRINKLE  MOSAIC 

Crinkle  mosaic  is  much  like  mild  mosaic,  though  it  is  more  severe 
in  its  effects  on  the  plant.  The  mottled  areas  on  the  leaves  are  more 
prominent  and  occur  closer  together  on  the  margins  and  particularly 
toward  the  tip  of  the  leaflets  than  in  mild  mosaic.  Very  often  rela- 
tively large  portions  of  the  tissues  near  the  tips  of  the  leaflets  are  yellow 
instead  of  green  (pi.  2).  The  mottled  spots  are  somewhat  irregular 
in  outline.  The  crinkling  of  the  leaf  blade,  being  proportional  to  the 
mottling  present,  is  also  more  pronounced  than  that  in  mild  mosaic. 
Usually  the  margins  of  the  leaflets  are  wavy  or  ruffled. 

Crinkle  mosaic  is  not  so  widespread  or  so  prevalent  as  mild  mosaic. 
However,  it  is  present  in  appreciable  quantities  in  some  potato 
stocks  in  certain  localities.  It  is  encountered  commonly  in  some 
stocks  in  Montana.  The  distribution  of  this  disease  can  be  reduced 
by  careful  selection  of  seed  stocks.  Caution  should  be  used  to 
prevent  the  introduction  or  establishment  of  this  disease  in  any 
potato  area. 

Plants  affected  by  crinkle  mosaic  give  lower  yields  than  those 
attacked  by  mild  mosaic.  Figures  at  hand  from  definite  tests  show  a 
reduction  in  the  yield  of  about  35  to  50  percent  in  comparison  with 
the  yield  of  normal  hills. 

RUGOSE  MOSAIC 

Rugose  mosaic  is  a  more  severe  disease  than  either  mild  or  crinkle 
mosaic  and  is  entirely  distinct  from  them.  In  most  cases  it  can  be 
readily  differentiated  from  these  other  mosaics  by  appearances. 
The  mottled  areas  are  smaller,  more  numerous,  and  typically  dis- 
tributed closer  to  the  main  veins.  Mottling  is  often  masked  so  much 
by  warm  weather  as  to  be  quite  inconspicuous,  but  even  if  the  mot- 
tling is  masked,  the  crinkling  of  the  leaves,  which  is  so  prominent  a 
feature  of  this  disease,  makes  identification  rather  certain.  Leaves 
of  affected  plants  have  an  uneven  surface,  showing  many  elevations 
and  hollows,  in  noticeable  contrast  to  the  more  nearly  flat  condition 
of  healthy  leaves  (pi.  3).  Also  the  veins  on  the  under  sides  of  the 
leaves,  particularly  the  lower  ones,  often  show  necrotic  areas  as  black 
pencillike  lines.  The  affected  plants  are  stunted  and  die  much 
earlier  than  healthy  plants. 

Rugose  mosaic  spreads  readily  to  other  plants  in  the  field.  If 
infection  of  a  healthy  plant  occurs,  current-season  symptoms  are 
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A,  Leaves  from  sister  plants  of  the  Burbank  variety:  a,  Affected  with  rugose  mosaic;  b,  healthy  condi- 
tion. The  tubers  that  produced  those  leaves  were  grown  by  two  sets  of  the  same  tuber.  The  differ- 
ence in  their  performance  is  due  to  the  fact  that  one  set  was  inoculated  with  rugose  mosaic  and  the 
other  was  kept  as  a  healthy  control.  Crinkling  of  the  leaf  blade  and  ruffling  of  the  margin  are  very 
prominent.  Mottling  is  not  distinct  in  this  specimen.  The  tuber  that  produced  the  diseased  leaf 
was  grown  by  the  plant  the  leaves  of  which  are  illustrated  in  plate  4.  B,  Plants  of  the  Burbank 
variety:  a,  Affected  with  rugose  mosaic;  b,  healthy  condition. 
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Current-season  rugose  mosaic.    The  leaves  illustrated  here  were  photographed  6  weeks  after  inocula- 
tion in  muslin-covered  cages.     For  the  performance  of  the  tubers  from  this  plant  see  plate  3,  A. 
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likely  to  be  exhibited  before  the  plant  dies;  however,  if  infection 
occurs  late,  no  symptoms  may  be  apparent  that  season  although  the 
tubers  carry  the  disease.  The  rapidity  with  which  symptoms  appear 
after  infection  depends  much  on  temperature  and  other  growth  condi- 
tions. Sometimes  the  symptoms  are  visible  in  three  weeks,  but  more 
often  they  do  not  become  evident  for  five  or  six  weeks.  Usually  the 
first  symptom  to  appear  is  a  distinct  and  characteristic  burning  and 
discoloration  of  the  leaf  veins  and  leaf  blades  (pi.  4). 

The  death  of  the  tissues  proceeds  most  rapidly  in  the  veins  and 
appears  to  extend  into  the  leaf  blades  from  the  veins.  This  causes 
irregular  dead  areas.  These  spots  may  be  scattered  anywhere  in  the 
leaves,  but  they  occur  first  and  most  commonly  in  the  leaves  about 
three  fourths  of  the  distance  up  the  plant.  After  this  symptom 
appears,  the  mosaic  mottling  typical  of  this  disease  may  occur  in  the 
newer  leaves  at  the  top  of  the  plant.  At  that  time  usually  the  lower 
half  of  the  plant  may  still  present  a  normal  appearance.  Soon  after- 
ward, however,  the  burning  of  the  leaves  is  so  extensive  that  many  of 
them  die  and  droop,  hanging  by  a  thread  of  tissue  to  the  stem  or 
dropping  off  entirely.  In  typical  extreme  cases,  this  results  in  the 
plant  having  a  few  normal-appearing  leaves  at  the  bottom,  no  live 
leaves  in  the  middle,  and  a  tuft  or  cluster  of  mottled  and  crinkled 
leaves  at  the  top. 

The  response  of  the  plant  to  current-season  infection  may  vary  from 
the  condition  related,  to  very  mild  burning  or  failure  to  show  any 
symptoms  at  all,  particularly  if  infection  occurs  during  the  last  three 
or  four  weeks  of  growth.  Even  if  symptoms  do  not  become  ap- 
parent, a  part  or  all  of  the  tubers  from  the  late-infected  hill  may 
carry  the  disease  till  the  following  year.  This  factor  tends  to  make 
the  control  of  the  disease  more  difficult  and  emphasizes  the  desir- 
ability of  early  roguing  to  hold  current-season  infection  to  a  minimum. 

Rugose  mosaic  is  conspicuous  in  its  appearance  and  is  present  in  all 
sections  of  the  Northwest.  It  is  particularly  common  and  destructive 
in  eastern  Oregon,  in  eastern  Washington,  in  Idaho,  and  in  Utah. 
Cases  have  been  noted  in  these  areas  and  in  Montana  where  the  spread 
of  this  disease  has  been  somewhat  rapid.  In  one  case,  in  which 
certified  seed  was  planted  near  other  potatoes  and  the  resulting  plants 
not  rogued,  practically  100  percent  of  the  plants  were  diseased  in  three 
years'  time.  Also  3  percent  tuber-perpetuated  disease  increased  in 
one  season  to  27  percent  current-season  infection,  the  symptoms  of 
which  were  apparent  by  the  last  of  August.  If  to  this  is  added  the 
late  infections  of  which  no  symptoms  had  appeared,  it  is  probable 
that  this  lot  of  potatoes  carried  a  total  of  35  percent  or  more  of  rugose 
mosaic  by  the  end  of  the  year.  Such  extensive  spread,  however,  can 
be  avoided  in  most  localities,  inasmuch  as  the  disease  is  subject  to 
control  by  rigid  roguing  under  proper  conditions,  as  stated  later  in 
this  circular  in  the  section  on  eontrol.  The  conspicuous  appearance 
of  the  disease  makes  it  easy  to  identify  and,  therefore,  it  can  be  rogued 
out  earlier  than  the  other  virus  diseases.  So,  while  this  disease  is 
prevalent,  spreads  rapidly,  and  reduces  the  yield  seriously,  it  is 
perhaps  more  easily  controlled  than  many  of  the  other  virus  diseases 
and  need  cause  no  serious  difficulty  in  most  places  when  properly 
handled. 

Plants  affected  by  rugose  mosaic  are  stunted  and  die  much  earlier 
than  the  healthy  plants.     Consequently,   the   tubers  are  fewer  in 
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number  and  smaller  than  normal,  the  average  yield  being  only  about 
one  third  that  of  healthy  plants.  The  large  reduction  in  yield,  when 
this  disease  prevails,  makes  rugose  mosaic  the  most  destructive  of  the 
virus  diseases  in  the  Northwest.  Rugose  mosaic  can  be  prevented 
to  a  very  large  extent  by  the  application  of  the  proper  practical 
measures. 

LEAF-ROLLING  MOSAIC 

Leaf-rolling  mosaic  has  been  transferred  in  experimental  plots  to 
varieties  in  use  in  the  Northwest,  but  this  disease  appears  to  be  so  rare 
in  commercial  stocks  there  as  to  be  of  no  significance.  It  has  not 
been  collected  definitely  on  any  commercial  stocks  in  Oregon  or 
Montana  and  is  only  rarely  encountered  in  Utah.  It  is  a  distinct 
disease  characterized  by  a  mottling  a  little  more  diffuse  than  that  in 
mild  mosaic  and  by  a  soft  rolling  of  the  leaf  blades.  It  can  be  identi- 
fied rather  readily  on  the  varieties  in  use  in  the  Northwest.  Affected 
plants  are  reduced  in  growth  to  a  degree  about  comparable  with  that 
of  mild  mosaic. 

OTHER  MOSAICS 

There  is  evidence  of  the  occurrence  of  other  mosaics  than  mild, 
crinkle,  rugose,  and  leaf-rolling  on  potatoes  in  the  Northwest.  For 
instance,  mild  mosaic  does  not  occur  on  the  Irish  Cobbler  variety. 
Many  trials  have  been  made,  but  no  one  has  succeeded  in  infecting 
this  variety  with  this  disease.  However,  in  Utah  a  mild  type  of  mot- 
tling, but  nevertheless  a  distinct  mosaic  disease,  was  found  occurring 
on  the  Irish  Cobbler  variety  in  some  commercial  fields.  Also,  some 
plants  of  the  American  Wonder  variety  were  found  in  Oregon  and 
some  of  the  Russet  Burbank  in  Montana  which  showed  a  type  of  mot- 
tling that  appeared  to  be  distinct  from  the  other  mosaics  and  which 
has  been  tentatively  termed  mild  interveinal  mosaic  (pi.  5). 

It  is  well  to  remember  that  these  other  mosaic  diseases  of  potatoes 
may  occur  in  the  Northwest  and  that  they  may  become  more  abun- 
dant in  the  future  if  not  adequately  recognized  and  checked.  Some  of 
them  are  more  difficult  to  recognize  than  are  the  more  important  mo- 
saics dealt  with  in  this  circular,  particularly  when  the  symptoms  are 
somewhat  masked  by  growth  conditions. 

CALICO 

Calico  is  a  peculiar  disease  of  potatoes  that  is  characterized  by  the 
occurrence  of  large  irregular  yellow  to  white  spots  or  splotches  in  the 
leaves  (pi.  6)  and  by  a  stunting  of  the  plants.  Many  of  these  spots 
are  devoid  of  chlorophyll,  the  green  coloring  matter,  and  they  may 
be  few  or  numerous.  Occasionally  only  a  few  leaves  on  a  plant  will 
show  this  condition.  Generally,  however,  the  spots  are  numerous  and 
well  distributed  over  the  plant.  It  appears  to  be  systemic,  as  generally 
all  the  tubers  from  an  affected  hill  will  transmit  the  disease  if  used  for 
seed.  However,  tuber  perpetuation  of  this  disease  is  not  inevitable 
as  it  is  with  the  virus  diseases  already  described.  It  has  been  proved 
to  be  a  transmissible  mosaic.2  In  two  tests  it  was  apparently  trans- 
mitted by  inoculations,  but  these  results  need  confirming.  The  fact 
that  it  is  becoming  gradually  more  prevalent  in  some  areas  suggests 
that  it  may  be  infectious,  but  no  agent  of  spread  is  known.  Calico 
can  be  eliminated  effectively  by  roguing  plants  which  show  symptoms 
of  it  during  the  growing  season. 


2  Porter,  D.  R.    the  infectious  nature  of  potato  calico.    Hilgardia  6:277-294,  illus.  1931. 
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A  mosaic  disease  on  Russet  Burbank  variety  that  is  less  pronounced  in  symptoms  and  in  effect  of  growth 
and  yield  than  mild  mosaic.  The  mottling  here  is  quite  diffuse  and  the  crinkling,  so  common  in  other 
mosaics,  is  very  mild  or  entirely  absent.  It  has  not  been  given  a  specific  designation  but  is  referred  to 
as  mild  interveinal  or  supermil'd  mosaic. 
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Leaves  affected  with  calico  disease.    This  disease  is  distinguished  by  the  occurrence  of  large  irregular 
yellow  to  cream-colored  splotches  on  the  leaves  and  by  stunting  of  the  plant. 
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LEAF  ROLL 

Plants  affected  with  leaf-roll  disease  have  an  upward  rolling  of  the 
leaflets  on  the  midrib,  giving  them  a  tubular,  spoon-shaped  form 

(fig.  1)  and  the  plant  

a  stiff,  erect  appear- 
ance. The  lower 
leaves  of  attacked 
plants  are  always 
rolled  and  leathery 
or  brittle,  often  dying 
from  the  tips  back- 
ward, in  advanced 
stages.  Usually  many 
other  leaves  are  also 
rolled.  The  plants 
are  almost  always 
pale,  being  yellow- 
green  instead  of  dark 
green  in  color.  Inter- 
veinal  yellowing  and 
dead  spots  in  the  leaf 
blade  are  common  in 
many  varieties.  The 
margins  of  the  leaves, 
particularly  the  upper 
ones,  in  some  varieties  may  take  on  a  slightly  reddish  cast.  Diseased 
plants  are  considerably  dwarfed  (fig.  2).  Some  of  the  tubers  from 
affected  plants  may  show  net  necrosis. 


Figure  1. — Plant  of  Burbank  variety,  affected  with  leaf-roll  disease. 
Rolling  is  particularly  prominent  in  the  lower  leaves,  though  it  is 
evident  also  in  the  upper  ones.  The  foliage  tends  to  be  rigid  and 
leathery  and  not  soft  and  flexible  as  in  normal  plants.  Diseased 
plants  are  noticeably  stunted  and  lighter  in  color  than  the  healthy 
ones 


Tigtre  2.— Two  adjoining  rows  showing  hill  lots:  A,  Leaf-roll-diseased  plants  decidedly  stunted;  B,  healthy 
plants.    The  disease,  as  shown  here,  was  the  result  of  spread  of  infection  the  previous  season. 

Leaf  roll  is  readily  carried  from  plant  to  plant  by  aphids  (fig.  3.). 
Plants  affected  by  current-season  infection  show  leaf  rolling  and  loss 
of  color  in  the  top  leaves  first.    In  this  stage  it  is  difficult  to  distinguish 
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this  disease  from  injury  due  to  Rhizoctonia.  Injury  from  Rhizoctonia 
may  often  be  determined  by  the  presence  of  characteristic  brown 
lesions  on  the  stalks  underground  and  on  the  roots  and  by  aerial 
tubers.  In  contrast,  leaf-roll  infection  causes  no  discoloration  of  the 
stem  tissues  either  externally  or  internally.  Also,  unbalanced  water 
relations  in  the  soil  may  induce  an  appearance  similar  to  current- 
season  leaf  roll.  Such  abnormal  reactions  may  disappear  if  soil 
conditions  are  corrected,  whereas  if  true  leaf  roll  is  present  the  symp- 
toms become  more  pronounced  as  the  plants  grow  older. 

Leaf  roll  occurs  in  most  localities  in  the  Northwest.     It  is  not  so 
common  or  so  universally  distributed  as  rugose  mosaic.    The  appear- 


Figure  3.— Plants  of  Burbank  variety:  A,  Infected  with  leaf  roll  by  aphids  feeding  on  the  sprouts,  after 
they  had  fed  on  sprouts  of  a  diseased  tuber;  B,  healthy  control.  Both  plants  were  grown  in  muslin- 
covered  cages  from  sets  from  the  same  tuber. 


ance  of  leaf  roll  in  Oregon  seems  to  be  of  recent  occurrence.  Seven 
years  ago  it  was  apparently  unknown  in  that  State,  but  now  it  is 
frequently  encountered.  It  is  more  common  in  the  eastern  part  of  the 
State  than  west  of  the  Cascade  Mountains. 

The  scarcity  of  leaf  roll  in  western  Oregon  is  probably  a  matter  of 
chance,  and  due  to  the  fact  that  diseased  seed  stock  has  not  been 
brought  into  that  area.  Where  it  has  been  observed  in  western 
Oregon  it  spreads  rapidly  unless  proper  control  methods  are  used  to 
check  it.  This  disease  seems  to  be  more  common  than  any  other 
potato  virus  disease  in  some  localities  in  the  Puget  Sound  district  of 
western  Washington.  It  is  a  disease  that  justifies  careful  considera- 
tion all  over  the  Northwest. 
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The  yields  of  affected  plants  are  generally  small,  and  the  tubers  are 
often  attached  close  to  the  stem.  The  shortening  of  the  stolon  is  a 
noticeable  characteristic  of  this  disease.  On  an  average,  hills  grown 
from  diseased  tubers  yield  only  about  30  percent  of  a  normal  crop. 
Plants  affected  late,  particularly  when  nearing  maturity,  may  give 
normal  yields,  but  the  tubers  are  usually  diseased  and  give  poor 
returns  if  used  for  seed.  Leaf  roll  reduces  the  yield  of  potatoes  50  to 
75  percent  below  normal. 


WITCHES'-BROOM 


Witches'-broom  commonly  results  in  the  production  by  the  affected 
tuber  when  plan  ted.  of  numerous  slender  spindling  sprouts  none  of 
which  succeed  in  producing  a  large  plant  or  any  appreciable  yield 
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Figure  4.— Plants  of  the  Triumph  variety:  A,  Plant  affected  with  witches'-broom  disease;  B,  healthy 
plant.  The  affected  plant  is  typical  of  the  performance  of  badly  diseased  tubers. 

(fig.  4).  The  effect  is  sometimes  so  extreme  as  to  cause  the  plant 
to  lose  resemblance  to  a  potato.  The  leaves  usually  are  small, 
rounded,  and  somewhat  velvety  in  appearance,  owing  partly  to  the 
prominence  of  the  leaf  hairs.  The  interior  of  some  affected  tubers  in 
Oregon  showed  a  netlike  discoloration  of  the  vascular  elements.  The 
outstanding  effects  on  the  tubers,  however,  are  a  striking  increase 
in  the  number  produced  and  extreme  reduction  in  the  size.  Some- 
times one  or  two  tubers  in  a  hill  may  be  of  salable  size,  although  it  is 
not  unusual  to  find  about  200  tubers  on  a  single  plant,  none  of  which 
is  of  marketable  size  (fig.  5). 

The  way  m  which  this  disease  spreads  from  plant  to  plant  in  the 
field  is  not  known.  In  experimental  plots  direct  spread  to  healthy 
plants  in  the  row  did  not  seem  to  occur  even  when  alternate  plants 

'—33 2 
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Figure   5.— Yield  from  plant    affected   with    witches'-broom.     This   hill    of  the   Up-to-date   variety- 
contained  205  tubers. 


Figure  6.— Spindling  sprouts  caused  by  witches'-broom  disease  in  a  tuber  of  the  Up-to-date  variety  held 
in  storage  for  comparison  with  sprouts  of  a  normal  potato. 
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were  diseased.  Presumably  the  agent  of  spread  was  not  present  in 
these  cases.  It  is  assumed  that  spread  of  the  disease  may  be  effected 
by  some  insect,  but  all  tests  to  determine  this  point  gave  negative 
results.  Aphids  have  been  tested  many  times,  but  they  have  never 
given  any  infection  in  the  trials.  The  disease  has  been  transmitted 
artificially  by  core  grafts  and  stem  grafts.  It  can  be  controlled  by 
roguing  and  selecting  strong,  normal  sprouts.  When  affected  tubers 
germinate,  they  often  send  out  numerous  spindly  sprouts  (fig.  6). 
These  tubers  should  always  be  eliminated  from  the  seed.  That  good 
seed  cannot  be  picked  out  and  this  disease  avoided  merely  by  selecting 


Figure  7.— Hill  of  Burbank  potatoes  from  which  one  tuber  has  been  removed  and  grown  as  an  index  that 
resulted  in  revealing  the  presence  of  witches'-broom  disease.  Some  of  the  eyes  here  can  be  seen  giving 
rise  to  weak  spindly  sprouts  so  characteristic  of  this  disease.  None  of  the  tubers  from  this  hill  lot  gave 
normal  plants.  It  is  presumed  that  the  plant  that  produced  these  tubers  became  infected  late  in  the 
season.  This  hill  lot  is  a  striking  illustration  of  the  fact  that  good  seed  cannot  be  secured  on  the  basis  of 
the  appearance  of  the  tubers  or  by  hill  selection  alone. 

hills  having  good  yields  of  tubers  of  a  good  appearance  is  illustrated 
by  the  hill  lot  shown  in  figure  7.  On  the  basis  of  appearance,  this 
hill  would  readily  be  selected  for  seed,  but  when  one  tuber  was  grown 
from  it  as  an  index  it  showed  the  typical  weak  condition  of  witches'- 
broom.  Close  examination  shows  that  several  eyes  on  these  tubers 
are  sending  out  weak  slender  sprouts. 

Witches'-broom  is  common  but  not  yet  serious  in  the  Northwest. 

The  yield  of  marketable  potatoes  in  plants  grown  from  diseased 
seed  is  practically  nothing.  Very  few  of  these  potatoes  are  large 
enough  to  get  into  the  table  grade.     However,  plants  that  become 
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infected  late  in  the  season  may  give  large  yields  of  well-shaped  tubers 
that  differ  little  if  any  in  appearance  from  those  of  normal  plants. 
If  these  tubers  are  grown  again  the  following  year,  however,  the 
results  are  disastrous.  This  disease  should  be  considered  as  a  decid- 
edly serious  one  when  it  is  present  in  any  appreciable  amount. 


Figure  8.— Irish  Cobbler  variety.  A.— Plants  exhibiting  pyramidal  shape  characteristic  of  psyllid  yellows, 
also  secondary  growths  of  curled  leaves  at  tips  of  branches.  As  shown,  the  older  leaves  roll  upward,  as- 
sume radical  positions,  and  finally  die,  leaving  only  the  secondary  leaves  attached  to  the  primary  stems. 
B.— a.  Plant  affected  with  psyllid  yellows;  b,  healthy  plant.  Leaf-rolling  is  pronounced,  and  there  are 
aerial  tubers  in  the  axils  of  the  leaves.  The  disease  was  produced  by  placing  50  nymphs  of  Paratrioza 
cockerelli  on  a  plant  under  a  celluloid  cage. 

PSYLLID  YELLOWS 

Psyllid  yellows  is  systemic  in  nature  and  results  in  a  complete  up- 
setting of  the  form  and  the  physiology  of  the  entire  plant,  both  above 
and  below  the  ground.  The  first  symptoms  consist  of  a  marginal 
yellowing  and  an  upward  rolling  of  the  basal  portion  of  the  smaller 
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leaflets  on  the  young  leaves  of  the  infected  plant.  Under  field  condi- 
tions, and  especially  when  diseased  plants  are  exposed  to  intense 
sunlight,  the  basal  rolling  or  cupping  of  the  young  leaves  in  all 
varieties  observed  becomes  rather  pronounced  (pi.  7).  In  the 
Triumph  and  Irish  Cobbler  varieties,  and  to  a  considerable  extent 
in  all  varieties,  the  rolled  portions  and  frequently  other  portions  of 
the  leaf  assume  a  distinctly  reddish  or  purplish  color  which  may  be- 
come so  pronounced  in  severe  cases  of  the  disease  as  to  give  a  reddish 
appearance  to  the  entire  field.  In  reduced  light  during  cloudy  weather 
or  when  plants  contract  the  disease  late  in  the  autumn,  the  rolling 
and  coloring  of  the  leaves  may  be  entirely  absent.  Instead,  the  mar- 
gins of  the  basal  portions  and  also  the  interveinal  portions  of  the 
leaflets  become  chlorotic,  which  may  be  the  only  early  symptoms  of 
the  disease. 

The  older  leaves  of  the  diseased  plant  roll  upward  over  the  midrib 
and  become  yellow.     Brown  necrotic  areas  develop,  bringing  about 
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Figure  9. — Underground  portion  of  Triumph  plant  affected  with  psyllid  yellows.  One  stolon  has  devel- 
oped directly  into  a  new  shoot.  Others  have  given  rise  to  secondary  stolons  or  tubers  at  their  nodes.  A 
diseased  plant  of  this  type  may  produce  from  50  to  150  tubers.  At  the  time  of  digging,  this  plant  had 
46  tubers  already  set. 

the  early  death  of  the  entire  leaf.  In  the  late  stages  the  diseased 
plant  may  consist  of  secondary  leaves  and  branches  supported  by  the 
original  or  primary  stems. 

Buds  both  above  and  below  the  ground  are  stimulated  into  activity. 
Aboveground  the  axillary  buds  may  push  out  into  stocky  shoots  that 
frequently  branch  and,  when  fully  developed,  give  the  plant  a  com- 
pact and  pyramidal  shape  (fig.  8,  A),  scarcely  to  be  recognized  as  that 
of  a  potato  plant.  Again,  the  axillary  buds  may  develop  into  aerial 
tubers  along  the  entire  stem  (fig.  8,  B),  or  may  produce  short  leafy 
shoots  with  rosettes  of  small  leaves  which,  in  advanced  stages  of  the 
disease,  may  become  bright  yellow.  Buds  below  ground  may  develop 
directly  into  new  shoots  or  may  send  out  a  cluster  of  tubers  at  or  near 
the  soil  surface.  Again,  several  tubers  may  develop  along  a  single 
stolon,  and  numerous  small  potatoes  result  (fig.  9). 
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The  effect  of  psyllid  yellows  on  the  plant  is  immediate,  and  if  the 
plants  are  attacked  when  young,  no  crop  results.  Older  plants  are 
also  affected  severely,  and  seldom  is  the  crop  of  any  value  if  plants 
become  diseased  at  any  time  during  the  early  growing  period.  Eyes 
of  tubers  set  before  the  inception  of  the  disease  may  sprout  into 
leafy  shoots  or  stolons  that  develop  numerous  small  secondary  tubers. 
The  result  is  a  crop  of  partly  sprouted,  knotty,  or  poorly  shaped 
inferior  tubers  (fig.  10). 

Of  all  the  diseases  of  the  potato,  psyllid  yellows  is  the  most  disastrous 
to  the  yield.  As  a  result  of  this  disease  during  1927  the  Fruita  dis- 
trict, Mesa  County,  Colo.,  with  an  estimated  crop  of  600  cars,  shipped 
but  2  cars.  During  this  same  year  in  the  early  potato-growing  areas 
of  Utah  85  percent  of  the  crop  was  lost.  Numerous  fields  were  left 
unharvested.  In  parts  of  Washington  County,  Utah,  no  potato  crop 
has  been  harvested  for  several  years  because  of  the  prevalence  of  this 
trouble. 


Figure  10.— A  germinating  tuber  of  the  Russet  Burbank  variety  well  matured  prior  to  attack  of  the  plant 
by  psyllid  yellows.  All  eyes  may  be  stimulated  into  activity,  and  a  second  crop  of  apparently  healthy 
vines  result,  or  numerous  secondary  tubers  or  knobs. 

Psyllid  yellows  first  attracted  attention  in  1927.  During  that  year 
the  disease  occurred  throughout  Utah,  in  southern  Idaho,  and  over 
much  of  the  western  slope  of  Colorado.  It  was  also  reported  in  the 
same  year  in  a  few  fields  in  Montana  and  Wyoming.  Since  1927  the 
trouble  has  gradually  receded  until  it  is  of  economic  importance  only 
in  the  southern  and  southeastern  parts  of  Utah  and  in  limited  local 
areas  in  Colorado.  Reports  of  potato  failures  in  former  years  indicate 
that  the  disease  was  prevalent  in  these  sections  of  Utah  and  Colorado 
for  some  time  previous  to  1927  and  that  it  was  especially  severe 
during  1926,  1927,  and  1930. 

This  disease  is  induced  by  some  toxic  substance  injected  into  the 
plant  during  the  feeding  of  a  sucking  insect,  the  tomato  or  potato 
psyllid  (Paratrioza  cockerelli  Sulc).  (PL  8.)  The  most  recent  experi- 
mental work  at  the  Utah  Agricultural  Experiment  Station  indicates 
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of  Irish  Cobbler  variety  showing  extreme  basal  leaf-rolling  characteristic  of  the  psyllid-yellows 
disease.     Rolled  portions  always  show  colors  varying  from  yellow  to  deep  red  or  purple. 
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Tomato  psyllids  (Paratrioza  cockerelli  Sulc.)  feeding  on  a  leaf  of  Irish  Cobbler  potato, 
are  shown  attached  to  the  leaf  margin.     X  9. 


Eggs  of  psyllid 
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that  the  substance  injected  by  the  psyllid  during  its  feeding  activities 
is  probably  not  a  virus,  but  rather  some  toxic  principle  which  inter- 
feres in  some  way  with  the  normal  physiological  functions  of  the  plant. 
It  is  evident  that  psyllid  yellows  is  a  serious  menace  only  in  those 
sections  in  which  the  psyllid  may  spread  and  maintain  itself  from  year 
to  year.  At  present  it  appears  that  these  areas  are  limited  in  extent, 
although  there  exists  the  constant  threat  of  an  outbreak  such  as 
occurred  in  1927.  Control  of  the  disease  involves  control  of  the  tomato 
psyllid.  No  successful  measures  have  been  devised.  All  of  the  evi- 
dence from  field  performances  and  experimental  tests  indicates  that 
the  disease  is  not  carried  from  year  to  year  in  the  tubers. 


SPINDLE  TUBER 


The  name  " spindle  tuber"  comes  from  the  shape  of  the  tubers 
produced  by  diseased  plants.     In  most  varieties  the  tubers  become 


Figure  11. 


■Potatoes  of  the  Russet  Burbank  variety,  showing  spindle  shape,  dwarfing,  and  cracking  as 
symptoms  of  spindle-tuber  disease.    The  tuber  marked  "N"  was  normal. 


elongated  and  pointed  at  one  or  both  ends  (fig.  11).  In  some  of  the 
round  varieties,  such  as  Triumph  and  Irish  Cobbler,  the  tubers  are 
elongated  but  not  pointed  at  the  end.  This  gives  an  oblong  blocky 
tuber  with  rounded  ends.  Typically  the  red-colored  Triumph  tubers 
are  lighter  in  color  when  diseased  than  are  the  normal  ones.  In 
affected  plants  the  most  prominent  symptoms  are  erect,  somewhat 
spindly  growth  resulting  in  narrowness  of  vine,  stunted  size,  and 
generally  a  noticeably  darker  green  color  of  the  foliage.  The  leaves 
usually  are  set  at  an  acute  angle  with  the  stem  and  do  not  curve  out- 
ward like  normal  ones.  This  gives  the  plant  an  appearance  of  stand- 
ing erect  (fig.  12).  This  erectness  and  the  tendency  to  reduced 
growth  make  the  diseased  plants  conspicuous  when  the  symptoms  are 
prominently  developed.     This  disease  is  most  prominent  when  the 
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plants  are  grown  at  high  temperatures.  The  symptoms  are  consid- 
erably masked  at  low  temperatures.  For  this  reason  the  disease 
often  cannot  be  detected  as  early  in  the  season  as  some  of  the  other 
virus  diseases.  The  planting  of  the  tubers  in  units  helps  greatly, 
and,  in  fact,  is  almost  indispensable  in  accurately  determining  the 
disease  in  the  early  weeks  of  growth.  Diseased  units  will  be  noticed 
where  single  affected  plants  would  be  unobserved. 

Spindle  tuber  is  a  comparatively  new  disease  in  the  Northwest. 
It  is  not  yet  serious  in  all  sections  of  this  area.  Some  localities  are 
free  or  practically  free  from  it.  Like  that  of  the  other  virus  diseases, 
its  distribution  has  been  determined  largely  by  movements  in  seed 
stocks.  It  appears  to  be  more  common  and  also  harder  to  recognize 
in  the  dry-land  farming  areas.  It  is  responsible  for  the  rejection  of 
some  fields  for  certification.  It  should  be  given  serious  attention 
throughout  the  Northwest  so  that  it  may  be  adequately  recognized 
and  properly  handled. 


Figure  12. — Plants  of  the  Russet  Burbank  variety:  A,  Affected  by  spindle-tuber  disease;  B,  healthy. 
The  diseased  plant  is  typically  more  upright  in  habit  of  growth,  somewhat  spindly,  and  noticeably 
stunted. 

This  disease  damages  the  tubers  in  two  ways,  by  causing  poor  shape 
and  by  reducing  the  yield.  The  tubers  are  sometimes  so  poorly 
shaped  as  to  necessitate  their  being  placed  in  the  lower  commercial 
grades.  The  yields  of  affected  plants  average  from  40  to  70  percent 
of  yields  from  normal  plants. 

GIANT  HILL 

The  most  prominent  characteristic  of  giant  hill  is  the  coarse  rank 
growth  of  the  vines.  Affected  plants  may  be  noticeable  by  midseason, 
but  they  become  more  prominent  as  the  plants  advance  toward 
maturity.  Toward  the  end  of  the  season  the  affected  plants  tend  to 
be  coarser  and  ranker  in  growth  than  the  healthy  ones.  The  stems 
are  commonly  thicker  and  the  nodes  larger  than  normal.  There  may 
be  excessive  branching  from  the  leaf  axils  in  the  lower  part  of  the  plant. 
Affected  plants  are  often  most  prominent  after  mild  frosts  during 
which  the  healthy  plants  may  all  be  killed  while  the  giant-hill  plants 
may  remain  green  and  continue  growth  for  some  time.     The  tubers 
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are  larger  than  normal  and  commonly  irregular  in  shape  (fig.  13). 
These  irregularities  may  take  the  form  of  knobs,  protruding  or  promi- 
nent eyes,  cracks,  and  elongated  shapes.  The  weight  of  the  tubers 
in  the  hill  may  be  heavier  than  normal.  This  does  not  mean,  how- 
ever, that  giant  hill  is  desirable  because  of  this  circumstance.  On 
the  contrary  it  is  very  undesirable,  because  affected  tubers  make 
neither  good  marketable  potatoes  nor  good  seed. 


N^Sjfc  vjp-^ 


Figure  13.- 


-Potato  tubers  of  the  Triumph  variety,  showing  symptoms  of  giant  hill  (G.H.),  in  comparison 
with  normal  tubers  (N). 


Giant  hill  is  tuber-perpetuated.  Sometimes  complete  hill  lots  are 
encountered  in  which  all  the  plants  show  the  characteristic  condition. 
This  is  often  the  case  where  the  hill  was  selected  for  seed  stock  late 
the  previous  year  and  conscious  effort  was  made  to  select  large  plants 
that  remained  green  till  late  in  the  season.  It  is  dangerous  to  select 
plants  for  seed  that  remain  green  noticeably  longer  than  the  majority 
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of  the  healthy  plants  in  the  plot.  Giant  hill  cannot  be  rogued  early 
in  the  season  because  most  of  the  affected  hills  cannot  be  identified 
until  midseason  or  later.  Koguing,  however,  seems  to  hold  the 
disease  in  check  fairly  well.  If  the  tubers  are  planted  in  units  the 
disease  can  be  rogued  earlier  and  more  accurately.  All  seed  stock 
should  be  rogued  for  this  abnormality.  When  this  is  done,  little 
trouble  is  experienced  in  controlling  the  disease. 

AGENTS  OF  SPREAD 

Aphids  are  able  to  transmit  a  large  number  of  potato  virus  diseases 
and  seem  to  be  the  chief  agents  of  spread.  All  the  diseases  listed  in 
this  circular  except  giant  hill,  witches'-broom,  calico,  and  psyllid 
yellows  have  been  transferred  by  one  or  another  species  of  aphids. 
Muslin-covered  cages  (fig.  14)  were  used  in  connection  with  studies 
of  transmission  of  virus  diseases  by  aphids. 

Aphids  function  as  effective  carriers  of  the  potato  virus  diseases 
both  on  sprouts  in  storage  and  on  the  plants  in  the  field.     In  one 


Figure  14.— Muslin-covered  cages  used  in  the  cooperative  work  in  the  Northwest  on  the  potato  virus 
diseases.  These  cages  are  used  mainly  to  confine  test  insects  on  the  plants  and  to  avoid  free,  uncontrolled 
migration  of  insects  which  might  serve  as  vectors  of  the  virus  diseases  among  the  potatoes. 

experiment  in  which  aphids  were  fed  on  sprouts  affected  with  leaf  roll 
and  then  on  healthy  sprouts,  100  percent  infection  resulted  (fig.  3). 
Aphids  have  been  found  on  sprouts  in  storage.  When  they  occur  and 
certain  diseases  are  present  in  the  stock,  appreciable  spread  may  be 
effected.  Trouble  from  this  source  may  be  avoided  by  fumigating  to 
kill  the  aphids  in  the  bin.  This  may  usually  be  done  successfully 
with  a  dust  containing  5  percent  of  nicotine  sulphate. 

Some  workers  have  found  that  insects  other  than  aphids  are  able 
to  transmit  virus  diseases  among  potatoes.  Goss,3  in  Nebraska, 
found  that  grasshoppers,  flea  beetles,  the  tarnished  plant  bugs,  and 
the  Colorado  potato  beetle  were  able  to  transmit  spindle  tuber.  It  is 
not  known  to  what  extent  these  insects  are  instrumental  in  spreading 
spindle  tuber  among  potatoes  in  the  Northwestern  States. 

The  spread  of  these  potato  diseases  by  insects  can  practically  always 
be  successfully  avoided  by  roguing  out  the  diseased  plants  early  before 

3  GOSS,  R.  W.     INFECTION  EXPERIMENTS  WITH  SPINDLE  TUBER  AND  UNMOTTLED  CURLY  DWARF  OF  THE 

potato.    Nebr.  Agr.  Exp.  Sta.  Research  Bui.  53,  36  p.     1931. 
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there  is  much  opportunity  for  the  insects  to  feed  on  them.  Com- 
mercial control  of  the  virus  diseases  is  accomplished  more  effectively 
by  care  in  roguing  and  seed  selection  than  by  attempting  to  control 
the  agents  that  spread  the  disease. 

CONTROL    OF    VIRUS    DISEASES    BY     THE    ISOLATED-SEED-PLOT 

METHOD 

None  of  the  progeny  of  a  potato  plant  once  completely  infected  with 
one  of  these  virus  diseases  will  ever  afterward  give  healthy  growth. 
No  treatment  is  known  that  will  make  a  virus-diseased  tuber  healthy 
again.  Consequently,  control  of  the  virus  diseases  has  to  be  accom- 
plished by  eliminating  diseased  tubers  and  preventing  or  avoiding 
the  spread  of  infection  to  healthy  plants.  This  can  be  done  by  means 
of  two  general  practices :  One  is  to  eliminate  the  diseased  seed  before 
planting,  and  the  other  is  to  remove  the  diseased  plants  as  soon  as 
possible  after  they  can  be  identified  in  the  early  stages.  The  first  is 
accomplished  by  the  use  of  the  tuber-index  method,  and  the  second 
by  growing  seed  stocks  in  isolated,  rogued  plots.  Tuber  indexing  is 
effective  but  not  practicable  on  most  farms.  Isolation  and  roguing, 
under  good  conditions  such  as  can  be  secured  by  most  careful  growers, 
are  nearly  as  effective  as  indexing  and  are  practicable  for  general 
use.  Roguing  the  plants  during  growth  is  necessary  in  controlling 
these  diseases,  because  the  tubers  so  rarely  carry  any  visible  evidence 
of  disease;  hence,  tuber  selection  is  too  ineffective  to  be  profitable. 
The  methods  of  controlling  the  virus  diseases  are  also  effective  in  sup- 
pressing other  potato  diseases. 

SEED  SELECTION  HELPS  TO  IMPROVE  QUALITY  AND  AVOID  DISEASE 

One  of  the  most  important  means  of  avoiding  the  virus  and  certain 
other  diseases  in  potatoes  consists  in  seed  selection.  It  is  generally 
accepted  that  there  is  a  limit  beyond  which  improvement  in  type  or 
increase  in  yield  in  potatoes  cannot  be  secured  by  mere  selection. 
Apparently  the  most  that  can  be  expected  or  accomplished  in  this 
direction  is  to  maintain  the  normal  performance  of  the  lot  under 
selection.  The  control  of  disease  is  by  far  the  largest  element  in- 
volved in  this  maintenance  of  the  normal  yield.  The  seed-selection 
methods  are  therefore  designed  and  conducted  to  give  the  greatest 
measure  of  disease  control. 

The  methods  that  are  being  accepted  as  standard  because  they  are 
effective  and  give  the  most  returns  for  the  effort  expended  involve  a 
combination  of  three  practices,  namely,  hill  selection,  tuber-unit 
planting,  and  field  roguing,  by  which  is  meant  the  pulling  up  and 
removal  of  all  diseased  or  abnormal  plants  and  any  tubers  they  may 
have  formed.  By  the  use  of  these  methods  the  yield  and  vigor  of 
the  crop  usually  can  be  improved  in  quantity  and  quality  to  such  an 
extent  as  to  much  more  than  offset  the  added  expense  for  labor  in- 
volved in  the  selection  process. 

SEED  SELECTION  BEST  ACCOMPLISHED  BY  USE  OF  SEED  PLOT 

Experience  has  shown  that  virus-disease  control  can  be  accom- 
plished with  the  least  trouble  and  labor  by  the  use  of  the  seed  plot. 
In  a  small  seed  plot  one  can  afford  the  time  and  work  for  performing 
the  essential  tasks  necessary  for  controlling  these  seed-borne  diseases, 
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while  it  would  be  much  more  difficult  and  less  practicable  to  accomplish 
the  same  thing  in  a  large  field.  If  proper  care  is  used  in  growing  the 
potatoes  in  the  seed  plot  it  will  not  be  necessary  to  do  much  roguing 
in  the  main  field  the  following  year.  For  this  reason  the  importance 
of  the  seed  plot  in  the  maintenance  of  a  source  of  relatively  disease- 
free  seed  potatoes  on  each  farm  cannot  be  overestimated. 

If  selection  of  seed  has  not  been  made  in  the  field  before  harvest, 
it  is  a  good  practice  to  start  the  improvement  of  the  potato  crop  by 
selecting  from  the  bin,  for  planting  in  units,  tubers  that  are  typical 
of  the  variety,  uniform  in  size,  free  from  blemishes,  and  that  weigh 
about  16  ounces.  The  field  selection  of  individual  hills  planted  in 
tuber  units,  however,  is  the  most  reliable  and  satisfactory  method. 
The  best  way  to  accomplish  this  is  to  set  aside  each  year  a  seed  plot 
of  about  one  tenth  the  total  acreage,  which  will  be  large  enough  to 
produce  all  the  seed  potatoes  that  will  be  required  for  planting  the 
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Figure  15.— Diagram  of  a  plan  for  using  a  seed  plot  to  avoid  disease  and  to  improve  the  quality  of  seed 
potatoes.  The  first  seed  plot  may  be  planted  with  certified  seed  potatoes,  with  hill-selected  seed  potatoes 
from  the  previous  year,  or  with  bin-selected  tubers  if  no  better  potatoes  are  available.  Each  succeeding 
seed  plot  should  be  planted  in  tuber  units  to  permit  more  accurate  and  effective  roguing.  The  seed 
plot  should  consist  of  about  one  tenth  of  the  total  acreage  of  potatoes  to  be  planted  the  following  year. 


general  field  the  following  year  (fig.  15).  All  plants  that  are  diseased, 
weak,  degenerate,  off  type,  or  that  belong  to  another  variety,  or  are 
undesirable  in  any  way  should  be  rogued  out  during  the  growing 
season,  when  the  diseases,  weaknesses,  or  varietal  mixtures  can  be 
most  readily  and  accurately  determined  by  inspection.  In  this  way 
only  the  more  desirable  plants  will  be  left  to  mature  and  furnish 
tubers  for  seed.  Out  of  the  remaining  plants  in  the  seed  plot  enough 
of  the  high-yielding  and  most  uniform  typical  hills,  preferably  from 
places  in  the  field  where  there  is  a  full  stand,  should  be  selected  at 
harvest  time  to  be  used  for  planting  the  seed  plot  the  following  year; 
the  remainder  can  be  planted  in  the  general  field.  This  simple  but 
effective  plan  furnishes  a  method  of  continuous  improvement  of  the 
seed  potatoes  which  in  a  few  years,  if  combined  with  proper  crop 
rotation  and  seed  disinfection,  will  reduce  most  of  the  tuber-borne 
diseases  to  a  negligible  quantity  and  will  greatly  increase  the  average 
yield  of  potatoes. 
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ROGUING  VIRUS  DISEASES  IN  MASS-PLANTED  PLOTS  IS  DIFFICULT 

One  of  the  objects  of  a  seed  plot  is  to  provide  conditions  favorable 
for  the  effective  roguing  of  diseased  plants.  Accuracy  in  the  detec- 
tion of  diseased  plants  and  earliness  of  removal  are  particularly  essen- 
tial to  success  in  the  control  of  the  potato  virus  diseases,  which  are 
the  most  difficult  of  all  potato  diseases  to  control.  When  the  seed 
plot  is  planted  in  mass,  that  is,  not  in  tuber  units,  each  plant  has  to 
be  judged  on  its  own  merits.  Roguing  under  such  circumstances 
is  more  difficult  and  does  not  give  the  best  control  of  the  disease. 
Some  tuber-perpetuated  disease  was  found  and  removed  at  each  of 
the  three  roguings  shown  in  figure  16,  but  none  was  found  at  the 
later  roguings.  However,  during  the  last  half  of  the  season  some 
plants  were  found  that  were  diseased  by  current-season  infection. 
Thus  in  contrast  to  the  results  shown  in  figure  17,  it  took  more 
roguing  and  a  longer  time  to  remove  the  tuber-perpetuated  disease 
from  the  mass-planted  plot  than  it  did  from  the  tuber-unit  plot. 
However,  by  very  careful  roguing,  the  disease  in  the  mass  plot  was 
reduced,  as  is  shown  by  the  following  figures  of  percentage  of  disease 
rogued  each  year  secured  from  a  continuation  of  this  plot  over  a 
period  of  five  years:  4.5,  3.2,  1.7,  0.6,  and  0.8.  To  accomplish,  by 
mass  roguing,  results  as  good  as  these  has  required  very  careful  and 
consistent  work. 

Because  the  symptoms  of  some  of  the  virus  diseases  are  sometimes 
obscure,  it  is  often  impossible  to  detect  all  diseased  plants  until  they 
have  attained  considerable  size.  Consequently,  some  of  the  diseased 
plants  may  not  be  discovered  and  removed  from  the  plot  before 
there  has  been  opportunity  for  spread  of  the  disease.  To  hold  the 
spread  of  these  diseases  to  the  minimum,  the  first  roguing  should 
be  done  as  soon  as  the  diseases  can  be  accurately  determined,  and 
preferably  when  the  plants  are  on  an  average  not  over  3  inches  in 
height.  Symptoms  of  mosaics  are  more  readily  visible  in  shade 
than  in  direct  sunlight;  therefore  cloudy  days  are  favorable  for 
roguing. 

Each  plant  rogued  should  be  taken  out  completely,  including  all 
stalks,  the  seed  piece,  and  the  tubers  if  any  have  formed.  The  plot 
should  be  rogued  once  a  week  thereafter.  Ordinarily  all  the  tuber- 
perpetuated  rugose  mosaic  may  be  removed  in  the  second  or,  at  most, 
in  the  third  roguing.  Mild  mosaic  generally  requires  a  longer  time, 
on  account  of  the  difficulty  of  detecting  the  symptoms  in  all  of  the 
young  plants. 

The  superiority  of  tuber-unit  roguing  over  mass  roguing  is  indicated 
by  the  following  records  from  experimental  plots.  In  one  case  18 
percent  leaf  roll  in  the  seed  stock  was  reduced  to  8  percent  in  the 
progeny  in  one  year  by  mass  roguing  and  to  2.4  percent  by  tuber-unit 
roguing. 

The  advantage  of  early  and  repeated  roguings  is  illustrated  by 
the  following  results:  Triplicated  seed  plots  planted  with  identical 
seed  containing  12  percent  rugose  mosaic  were  rogued  by  different 
methods.  The  plot  rogued  early  and  at  weekly  intervals  gave  1.6 
percent  current-season  symptoms,  that  is,  symptoms  from  infection 
contracted  during  the  current  season,  and  5.4  percent  disease  in  the 
progeny,  while  the  plot  rogued  once  about  midseason  and  once  later 
gave  2.4  percent  current-season  symptoms  and  16.4  percent  disease 
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Figure  16.— A  seed  plot  planted  in  mass:  A,  B,  and  C  show  the  stages  of  development  in  1926  at  the  first, 
second,  and  third  roguings  which  were  made  at  weekly  intervals. 
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in  the  progeny.  The  plot  that  was  not  rogued  but  had  the  diseased 
hills,  noted  during  growth  and  eliminated  at  harvest  time,  gave  9.2 
percent  current-season  symptoms  and  15  percent  disease  in  the  prog- 
eny.    Thus,   two  roguings,  one  at  midseason  and  the  other  later, 
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Figure  17.— A  seed  plot  planted  in  tuber  units  separated  by  stakes  in  the  row.  Such  planting  allows 
early  and  accurate  roguing  which  is  essential  to  control  of  the  potato  virus  diseases:  A,  Stage  of  develop- 
ment when  the  first  roguing  was  made  in  1026;  B,  the  same  plot  when  the  second  roguing  was  made 
one  week  later.  Some  tuber-perpetuated  rugose  mosaic  was  found  and  removed  at  each  of  these  two 
roguings,  but  none  was  found  at  the  later  roguings.  However,  during  the  season  some  plants  were  found 
that  became  diseased  by  current-season  infection  as  a  result  of  spread.  The  early  thorough  roguings 
kept  this  to  a  minimum  and  resulted  in  reducing  the  disease  from  5  to  2.5  percent  in  one  year. 

were  not  sufficient  to  avoid  an  increase  in  the  amount  of  disease  in 
the  stock,  whereas  early  and  repeated  roguing  decreased  the  disease 
from  12  to  5.4  percent  in  one  season. 
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SEED  PLOT  SHOULD  BE  PLANTED  IN  TUBER  UNITS 

The  planting  of  the  seed  plot  in  tuber  units,  that  is,  planting 
all  the  seed  pieces  cut  from  a  single  tuber  one  after  another  in  the 
row,  enables  the  roguing  to  be  done  more  accurately  and  earlier 
than  is  possible  with  other  methods  and  thus  gives  conditions  that 
are  the  most  favorable  to  the  control  of  the  virus  diseases  by  field- 
plot  methods  (fig.  15).  There  are  four  main  advantages  from 
tuber-unit  planting  in  a  seed  plot:  (1)  Diseased  plants  are  more 
easily  and  accurately  detected  when  the  seed  pieces  from  each 
tuber  are  grouped  together;  (2)  late-growing  sets  that  are  not  yet 
large  enough  to  show  symptoms  may  be  classed  as  probably  diseased 
if  their  more  advanced  sister  hills  in  the  same  tuber  unit  show  symp- 
toms and  therefore  may  be  rogued  earlier  than  would  be  possible 
where  each  plant  has  to  be  judged  on  its  own  performance,  as  is 
true  in  mass  plantings;  (3)  fewer  centers  exist  for  the  dissemination 
of  disease  because  of  the  grouping  of  hills  from  each  individual 
tuber;  (4)  roguing  is  cheaper  in  fields  planted  in  tuber  units  than 
in  those  mass  planted.  Tuber-unit  planting  is  very  practical  and 
should  be  used  invariably  in  the  seed  plot. 

TUBER  UNITS  MAY  BE  PLANTED  BY  HAND  OR  BY  MACHINE 

There  are  several  satisfactory  ways  for  planting  the  tubers  in 
units.  The  essential  thing  is  to  plant  all  the  sets  from  each  tuber 
together  in  the  row,  so  separated  from  the  sets  of  the  next  tuber, 
or  marked,  as  to  permit  ready  and  accurate  recognition  of  the  dif- 
ferent units.  A  common  practice  is  to  use  medium-sized  tubers, 
cut  into  four  pieces  and  set  with  the  pieces  about  15  inches  apart 
in  the  row,  leaving  one  space  unplanted,  or  30  inches  between  units. 
Another  plan  is  to  place  a  stake  between  units  in  the  row  (fig.  17). 
This  is  more  trouble,  but  it  is  a  very  accurate  method.  When  thus 
spaced  or  marked,  the  units  can  be  identified  accurately  during 
growth  and  all  the  sets  removed  if  the  unit  is  affected  by  a  virus 
disease.  If  one  set  gives  a  plant  affected  by  a  virus  disease,  it  is 
best  to  remove  all  the  sets  of  that  unit  even  though  some  of  them 
may  not  be  up  yet,  for  usually  all  are  affected  alike.  The  ability 
to  rogue  at  once  all  the  plants  from  one  diseased  tuber  is  one  of  the 
big  advantages  of  tuber-unit  planting. 

One  convenient  way  to  plant  tuber  iinits  by  hand  is  worthy  of 
mention.  Cut  each  tuber  partly  but  not  completely  through  with 
two  cuts  at  right  angles  to  each  other,  leaving  a  small  but  definite 
part  of  the  tissues  uncut  so  the  four  sets  will  hang  together.  These 
partly  cut  tubers  are  then  laid  in  boxes  that  can  be  dragged  or  carried 
along  the  furrows  that  have  been  made  for  planting.  The  tuber 
is  picked  up,  easily  broken  apart,  and  the  four  sets  are  spaced  about 
15  inches  apart  in  the  furrow.  A  30-inch  space  may  be  left  between 
imits  to  permit  proper  identification  of  the  units  later  when  the 
plants  come  up. 

Use  has  been  made  of  a  2-man  planter  for  planting  in  units.  The 
seed  tubers  were  cut  individually,  and  the  sets  from  each  tuber  were 
placed  in  a  can  of  a  suitable  size  with  the  top  removed.  Several 
cans,  each  containing  the  sets  from  one  tuber,  were  mounted  on 
a  special  rack  built  to  be  set  on  the  planting  machine  over  the  regular 
hopper.     In  planting,  the  operator  picks  up  a  can,  pours  the  sets 
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on  the  revolving  plate,  and  places  one  set  in  each  of  four  consecutive 
openings.  The  empty  can  is  returned  to  the  rack,  and  the  operation 
is  repeated  with  another  tuber.  One  extra  space  on  the  plate  is 
left  vacant  between  the  units  to  give  proper  separation  in  the  row. 
Extra  racks  and  cans  are  provided,  so  the  only  delay  occasioned 
in  reloading  the  machine  is  the  time  necessary  to  exchange  the  racks. 
By  operating  with  a  slow  steady  team,  the  planting  can  be  done  with 
few  extra  stops  or  delays. 

Another  machine  method  was  developed  by  a  grower  in  New 
York.  According  to  this  method  the  selected  whole  tubers  are 
placed  in  the  regular  hopper,  but  the  attachment  for  dropping  the 
tubers  from  the  hopper  is  removed.  An  extra  operator  sits  on  the 
machine,  facing  backward,  who  picks  up  a  tuber  from  the  hopper, 
cuts  it  into  the  four  sets,  and  places  them  one  tuber  at  a  time  in 
the  reservoir  at  the  side  of  the  revolving  spacing  and  dropping 
wheel.  He  places  the  cut  tubers  first  on  one  side  and  then  on  the 
other  so  as  always  to  have  one  tuber  cut  and  ready  for  the  planter. 
The  operator,  sitting  usually  on  the  back  of  the  machine,  picks  up 
these  sets  from  one  tuber  at  a  time  and  places  them  in  four  consecu- 
tive openings  of  the  revolving  planter  plate.  Again  one  extra  space 
is  left  between  units. 

A  special  automatic  machine  has  been  developed  by  one  manu- 
facturing company  for  taking  the  selected  whole  tubers,  cutting 
them  each  into  four  pieces,  and  planting  them  in  the  row  with  suitable 
spacing  between  sets  and  extra  spacing  between  units.  As  designed 
now,  this  machine  does  not  work  well  with  long  tubers.  It  operates 
best  with  the  blocky  round  tubers  and  is  recommended  for  use  with 
them  only.  A  machine  satisfactory  for  cutting  and  planting  tubers 
of  all  varieties  in  units  would  be  a  great  help  to  the  potato  industry. 

TUBER  INDEXING  NEARLY  IDEAL  BUT  NOT  GENERALLY  PRACTICABLE 

In  recent  years  a  tuber-index  method  has  been  developed  for 
determining  the  health  of  seed  stock  and  eliminating  diseased  tubers 
before  they  are  planted  in  the  seed  plot.  This  involves  the  grow- 
ing of  one  eye  from  each  tuber  well  in  advance  of  field  planting  to 
determine  whether  the  tuber  is  healthy  (figs.  18  and  19).  All  tubers 
detected  as  diseased  are  discarded,  and  only  the  healthy  ones  are 
kept  for  planting  in  the  seed  plot.  Where  facilities  are  available 
for  doing  the  work  effectively,  this  is  undoubtedly  the  most  nearly 
ideal  method  now  known  for  controlling  the  potato  virus  diseases. 
It  should  be  used  whenever  possible.  In  some  parts  of  the  North- 
west it  is  possible  to  tuber  index  in  the  field.  In  the  middle  of  March 
or  the  first  part  of  April,  the  index  pieces  are  planted  in  the  field, 
and  the  plants  are  generally  sufficiently  advanced  during  the  month 
of  May  to  determine  which  tubers  are  healthy  and  which  are  diseased. 

Field  indexing  has  been  practiced  by  some  seed  growers  in  western 
Oregon  with  very  satisfactory  results,  especially  in  localities  where 
the  main  crop  is  planted  late. 

In  many  cases  the  careful  operator  can  get  nearly  as  good  results 
by  the  proper  handling  of  a  seed  plot  planted  in  tuber  units,  a  type 
of  plot  which  is  much  more  practical  on  most  farms. 

The  tuber  indexing  of  potatoes  for  the  improvement  of  foundation 
seed  stock  has  been  engaged  in  by  some  of  the  commercial  seed  com- 
panies in  the  Northwestern  States.     The  plants  shown  in  figure 
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18  were  grown  for  this  purpose.  Two,  and  sometimes  three,  suc- 
cessive lots  of  plants  were  grown  in  the  winter  and  early  spring 
before  time  to  plant  out  of  doors.     This  allowed  the  indexing  of 


Figure  18.— Portion  of  greenhouse  devoted  to  the  tuber  indexing  of  seed  potatoes  for  the  control  of  mosaie 
and  other  virus  diseases.  Each  pot  contains  a  plant  grown  from  one  eye  cut  from  a  separate  potato 
and  numbered  to  correspond.  If  the  test  plant  grown  here  in  advance  of  the  field  planting  shows  disease 
the  tuber  from  which  it  came  is  discarded  and  not  used  for  seed.  If  the  test  plant  is  healthy,  the  tuber 
is  planted  in  the  seed  plot. 


Figure  19.— Two  index  plants  from  the  lot  shown  in  figure  18,  each  grown  from  one  eye  of  a  separate 
tuber.  Left,  healthy  plant:  right,  plant  affected  with  rugose  mosaic.  The  tuber  from  which  the  plant 
at  the  right  was  derived  will  be  discarded  and  not  used  for  seed. 

from  20,000  to  30,000  tubers  in  a  single  season.  A  continuation 
of  such  a  high  type  of  work  as  this  will  mean  much  to  the  future 
of  potato  growing  in  the  Northwest. 
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SEED  PLOT  SHOULD  BE  ISOLATED 

The  seed  plot  should  be  in  a  patch  by  itself  separated  from  the  rest 
of  the  potatoes  on  the  farm  by  at  least  300  feet,  in  order  to  avoid  the 
danger  of  insects  carrying  diseases  from  the  general  field  to  the  seed 
plot.  Isolation  of  the  seed  plot  is  essential,  particularly  to  prevent  the 
spread  from  one  potato  field  to  another  of  the  mosaic  and  other  virus 
diseases  which   are   commonly   carried   by   insects,   notably   aphids. 
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Figure  20.— Plan  of  a  farm,  showing  suggested  locations  for  the  potato  seed  plot  and  the  main  potato  field 
for  the  first  and  second  years  of  a  4-year  rotation  period.  The  seed  plot  is  separated  from  the  main  field 
of  potatoes  by  at  least  300  feet,  to  guard  against  spread  from  one  potato  field  to  another  of  these  virus 
diseases  which  are  commonly  carried  by  insects.  Potatoes  would  generally  occupy  only  part  of  the  space 
devoted  to  cultivated  crops. 


When  aphids  feed  on  a  diseased  plant  and  then  on  healthy  plants  the 
virus  diseases  may  be  transmitted  to  the  healthy  plants.  Any  dis- 
eased plants  located  near  the  seed  plot  and  left  without  being  rogued 
thus  serve  as  a  source  of  contamination  to  the  healthy  plants  in  the 
seed  plot. 
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If  healthy  plants  are  infected  by  the  virus  disease  late  in  the  season 
they  may  show  no  symptoms  of  disease  that  year,  though  some  of  the 
tubers  would  give  rise  to  diseased  plants  if  used  for  seed  the  following 
year.  Consequently,  plants  in  the  seed  plot  that  are  infected  late 
cannot  be  rogued  out.  because  the  disease  cannot  be  detected  that 
season.  To  avoid  the  chance  of  appreciable  insect  migration  and 
consequent   disease  transmission  from  adjoining  potatoes  which  are 
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not  rogued  as  carefully  or  as  thoroughly  as  those  in  the  seed  plot, 
separation  of  the  seed  plot  from  any  other  potatoes  is  necessary. 

The  exact  distance  between  plots  of  potatoes  required  for  safety 
cannot  be  given.  This  depends  on  the  extent  of  migration  of  the 
insect  vectors  and  has  to  be  determined  largely  by  experience  in  each 
region.  Isolation  of  the  seed  plot  by  a  distance  of  a  quarter  of  a  mile 
from  other  potatoes  seems  necessary  in  some  localities.     In  other 
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places  where  insect  migration  does  not  appear  to  be  so  extreme,  a 
distance  of  300  feet  from  the  other  potatoes  is  now  regarded  as  the 
minimum  that  is  adequate  for  safety.  At  least  this  distance  is  essential 
to  success  in  controlling  these  virus  diseases. 

To  offer  concrete  suggestions  for  the  maintenance  of  a  seed  plot 
for  the  control  of  the  potato  virus  diseases,  a  farm  plan  has  been  made 
showing  the  location  of  the  potato  seed  plot  separate  from  the  main 
field  and  its  relation  to  the  other  crops  in  each  year  of  one  4-year 
crop  rotation  period  (figs.  20  and  21).  These  plans,  made  to  serve 
merely  as  an  example  of  the  principles  involved,  show  what  is  regarded 
as  the  best  basic  crop  rotation  for  use  in  western  Oregon  and  Wash- 
ington, consisting  of  grain,  clover  seed,  clover  hay,  and  a  cultivated 
crop.  A  variety  of  Crops  including  potatoes,  corn,  kale,  etc.,  may  be 
used  for  the  cultivated  crop.  Since  the  length  of  rotation  and  the 
kind  of  crops  grown  in  rotation  with  potatoes  will  vary  with  each 
region,  no  general  plan  can  be  given  for  any  wide  area  of  the  North- 
west. The  chief  considerations  in  planning  the  rotations  are  to 
build  up  the  soil  by  the  use  of  legumes,  to  keep  it  in  good  working 
condition  by  the  use  of  some  cultivated  crops,  to  avoid  holding  over 
in  the  soil  volunteer  plants  and  disease-producing  organisms  by  the 
use  of  nonsusceptible  crops,  and,  of  course,  to  utilize  the  crops  that 
will  give  profitable  returns  for  the  region.  Much  of  the  farming  of 
some  regions  could  with  great  advantage  be  carried  on  in  accordance 
with  this  plan  or  suitable  modifications  thereof.  Comparable  plans 
suited  to  local  needs  can  be  worked  out  for  other  sections.  Common 
practice  has  demonstrated  that  it  is  best  to  adopt  some  such  well- 
designed  crop-rotation  system  well  suited  to  local  needs  and  follow 
it  as  a  more  or  less  regular  practice. 

HILL  INDEXING  UNRELIABLE  FOR  CONTROLLING  VIRUS  DISEASES 

The  growing  of  one  tuber  from  a  hill  in  advance  of  field  planting 
as  an  index  of  the  value  of  the  hill  lot  for  seed  purposes  has  been 
tested  and  used  to  some  extent  for  ehminating  the  virus  diseases. 
An  appreciable  amount  of  disease  can  be  removed  from  the  seed 
stock  by  this  practice,  but  the  method  is  entirely  inadequate  in  con- 
trolling these  troubles  (fig.  7)  because  of  the  occurrence  of  hill  lots  in 
which  only  a  part  of  the  tubers  are  diseased.  Experience  has  shown 
that  when  a  plant  is  infected  late  in  the  season,  or  after  the  disinte- 
gration of  the  seed  tuber  has  removed  the  union  between  the  plants 
grown  from  one  set,  the  hill  lot  will  contain  some  diseased  and 
some  healthy  tubers.  Under  such  circumstances  the  value  of  the 
tuber  taken  from  the  hill  for  index  becomes  purelv  a  matter  of 
chance.  Consequently,  the  method  cannot  be  used  with  any  degree 
of  confidence. 

ALL  POTATOES  GROWN  FOR  SEED  SHOULD  BE  THOROUGHLY  ROGUED 

Every  field  of  potatoes  grown  for  seed  should  be  thoroughly  and 
completely  rogued.  Every  potato  grower  should  pay  more  attention 
to  this  most  important  matter  of  seed  selection.  In  every  locality 
where  home-grown  seed  can  be  maintained  in  good  productive  con- 
dition from  year  to  year  the  use  of  a  well-rogued  seed  plot  should 
become  a  part  of  the  general  practice  of  every  farm.  Ordinarily  no 
particular  advantage  commensurate  with  the  cost  would  be  gained 
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from  roguing  fields  of  potatoes  that  are  grown  only  for  table  use. 
The  much-needed  improvement  of  table  potatoes  should  be  accom- 
plished mainly  through  the  improvement  of  the  seed  potatoes  used  in 
producing  these  crops.  The  desirability  of  using  great  care  in  the 
production  of  the  seed  potatoes,  therefore,  can  hardly  be  over-estimated. 

ROGUED  PLANTS  SHOULD  BE  PROPERLY  REMOVED  AND  DISPOSED  OF 

In  roguing,  all  parts  of  the  plant  that  might  grow  again,  including 
especially  the  old  seed  piece,  should  be  removed.  In  roguing  these 
plants  affected  with  virus  diseases  care  should  be  used  to  remove  the 
rogued  plant  from  the  field  in  such  a  way  that  insects  on  it  are  not 
allowed  to  scatter  to  other  potatoes,  to  which  they  might  carry  the 
disease.  If  diseased  plants  are  merely  pulled  up  and  left  on  the 
ground,  any  insects  present  on  them  will  probably  go  to  nearby 
healthy  plants  and  may  infect  them.  One  good  way  to  take  care  of 
rogued  plants  is  to  place  the  plant  directly  in  a  closely  meshed  canvas 
bag  or  some  such  container  as  soon  as  it  is  removed  from  the  soil. 
When  full,  or  when  the  end  of  the  row  is  reached,  the  sacks  can  be 
left  for  disposal  at  some  convenient  time  later  in  the  day.  Negligence 
may  detract  appreciably  from  the  effectiveness  of  the  roguing  work 
or  even  almost  nullify  it.  Proper  disposal  of  rogued  plants  is  indis- 
pensable to  success  in  the  control  of  the  virus  diseases. 

MORE  EXTENDED  USE  SHOULD  BE  MADE  OF  CERTIFIED  OR  OTHER  GOOD  SEED 

Many  States  are  now  providing  official  inspection  and  certification 
of  fields  of  potatoes  being  grown  for  seed.  The  requirements  for 
certification  are  such  as  to  insure  a  product  that  may  be  expected  to 
produce  well.  On  the  other  hand,  the  requirements  are  practical 
and  are  not  too  difficult  for  the  careful  grower  to  meet.  The  potatoes 
from  fields  which  fulfill  the  requirements  may  be  sold  as  certified 
seed  under  special  official  tags. 

Seed  certification  has  been  adopted  because  certified  seed  potatoes 
produce  better  crops  than  average  lots.  If  work  to  improve  the 
quality  of  seed  potatoes  has  not  been  carried  on  for  at  least  a  year  or 
two  by  the  grower,  or  if  his  own  seed  potatoes  do  not  have  particularly 
good  quality,  enough  certified  seed  potatoes  should  be  procured  else- 
where to  plant  at  least  the  seed  plot,  which  may  well  serve  as  the 
starting  point  for  securing  good  quality  seed  potatoes.  Then,  if  the 
seed  plot  is  maintained  each  year,  not  only  will  the  losses  from  the 
virus  diseases  be  reduced  to  a  minimum,  but  the  average  yield  and 
quality  of  the  potatoes  grown  will  be  increased. 

IMPORTANT  FACTS  CONCERNING  THE  VIRUS  DISEASES  OF  POTATOES 

The  virus  diseases  are  caused  by  some  unidentified  infective 
principle  in  the  juice  of  the  plant  which  has  the  ability  to  pass  through 
filters  that  take  out  all  ordinary  bacteria  and  fungi.  These  diseases 
have  to  be  identified  by  symptoms  and  performance. 

Several  virus  diseases  on  potatoes  important  in  the  Northwest  are 
mild,  crinkle,  and  rugose  mosaic,  leaf  roll,  witches'-broom,  and 
spindle  tuber.  Other  troubles  occurring  here  that  may  be  or  that 
appear  like  virus  diseases  are  calico,  psyllid  yellows,  and  giant  hill. 
No  area  of  the  Northwest  where  potatoes  are  produced  in  quantity 
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is  free  from  serious  losses  from  one  or  more  of  these  virus  or  viruslike 
diseases. 

So  far  as  known  the  virus  diseases  of  potato  are  spread  in  nature 
largely  by  aphids.  To  become  infective,  an  aphid  must  feed  on  a 
diseased  plant  or  sprout.  It  is  then  capable  of  carrying  the  causal 
agent  to  healthy  plants  by  feeding.  The  agents  of  spread  of  some 
of  these  diseases,  including  witches'-broom,  calico,  and  giant  hill,  are 
not  known. 

None  of  the  progeny  of  a  plant  completely  infected  with  a  virus 
disease  is  ever  healthy.  No  treatment  will  free  affected  tubers  of 
disease;  consequently,  control  has  to  be  accomplished  by  eliminating 
diseased  tubers  and  preventing  the  spread  of  infection  to  healthy 
plants.  This  can  be  done  by  the  use  of  two  general  practices — tuber 
indexing  the  seed  stock  or  roguing  out  the  diseased  plants  as  soon  as 
they  can  be  identified. 

Tuber  indexing  is  the  most  nearly  ideal  method  for  eliminating  the 
virus  diseases  from  the  seed  stock,  but  it  is  practicable  only  in  very 
special  cases.  It  is  worth  using  wherever  it  can  be  employed.  Hill 
indexing  is  unreliable  for  virus-disease  control.  Under  proper  con- 
ditions roguing  in  tuber-unit-planted  seed  plots  will  give  results  that 
are  about  as  effective  as  tuber  indexing.  This  plan  is  much  more 
generally  practicable  and  should  be  widely  used  wherever  home-grown 
seed  can  be  maintained  in  good  productive  condition. 

Where  home-grown  seed  is  used  the  best  results  come  from  seed 
produced  in  special  seed  plots.  Control  of  the  virus  diseases  in  seed 
plots  is  accomplished  with  the  minimum  of  effort  if  the  tubers  are 
planted  in  units,  rogued  regularly  and  often,  from  the  time  the  plants 
are  small,  and  if  the  plot  is  planted  in  isolation  from  other  potatoes. 

More  extensive  use  should  be  made  of  certified  or  other  high-grade 
seed.  Certified  potatoes,  being  thrice  inspected  and  usually  well 
rogued,  are  generally  much  better  than  uninspected  stocks.  The 
improvement  in  yields  is  due  to  a  considerable  extent  to  the  reduction 
of  disease  in  the  seed  stock. 
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